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Toxicokinetics of Fenvalerate in Rainbow Trout (Salmo Gairdneri)
Abstract
An in vivo rainbow trout (Salmo gairdneri) preparation was used to evaluate the gill uptake and toxicokinetics
of [3H]fenvalerate ([R,S]-α-cyano-3-phenoxybenzyl [R,S]-2-[4-chloro-phenyl]-3-methylbutyrate), a
synthetic pyrethroid insecticide. Fish were exposed to technical-grade fenvalerate (0.28 or 23 ng/L) or an
emulsifiable-concentrate formulation (16 ng/L) for 36 to 48 h. No significant effects of emulsifiers or
fenvalerate concentration on uptake were observed. The overall mean gill uptake efficiency was determined to
be 28.6 + 4.4%. Following 8- to 48-h depuration periods, carcass and bile contained 80 to 90% and 10 to 20%
of the gill-absorbed doses, respectively. Urine, feces and blood each contained less than 2% of the dose.
Significant excretion and blood transport of fenvalerate equivalents were completed within 8 to 12 h after
termination of exposure. Specific tissues from trout exposed to 0.28 ng/L fenvalerate were analyzed for
fenvalerate equivalents. After a 48-h depuration period, bile contained the highest concentration of fenvalerate
equivalents (7,000 pg/g), followed by fat (200 pg/g). Remaining tissues contained 15 to 45 pg/g. Analysis of
biliary metabolites indicated that the glucuronide of 4′-HO-fenvalerate was the only significant degradation
product. Results from the present study suggest that efficient gill uptake does not explain the extreme
sensitivity of fish to fenvalerate. Rather, a low rate of biotransformation and excretion may play a significant
role in the susceptibility of rainbow trout to the synthetic pyrethroid insecticides.
Keywords
Fenvalerate, Salmo gairdneri, Gill uptake, Toxicokinetics, Metabolism
Disciplines
Aquaculture and Fisheries | Entomology | Natural Resources Management and Policy | Toxicology
Comments
This article is from Environmental Toxicology and Chemistry 5 (1986): 567.
Rights
Works produced by employees of the U.S. Government as part of their official duties are not copyrighted
within the U.S. The content of this document is not copyrighted.
This article is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/nrem_pubs/164
l  
_ l  
E n v i r o n m e n t a l  T o x i c o l o g y  a n d  C h e m i s t r y  V o l .  5 ,  p p .  5 6 7 - 5 7 6 ,  1 9 8 6  
P r i n t e d  i n  t h e  U S A .  P e r g a m o n  J o u r n a l s  L t d .  
0 7 3 0 - 7 2 6 8 / 8 6  $ 3 . 0 0  +  . 0 0  
C o p y r i g h t  ©  1 9 8 6  S E T  A C  
T O X I C O K I N E T I C S  O F  F E N V  A L E R A T E  I N  R A I N B O W  
T R O U T  ( S A L M O  G A I R D N E R I )  
S T E V E N  P .  B R A D B U R Y  a n d  J O E L  R .  C o A T S *  
D e p a r t m e n t  o f  E n t o m o l o g y ,  I o w a  S t a t e  U n i v e r s i t y ,  A m e s ,  I o w a  5 0 0 1 1  
J A M E S  M .  M c K I M  
U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y - D u l u t h ,  
D u l u t h ,  M i n n e s o t a  5 5 8 0 4  
( R e c e i v e d  1 8  J u l y  1 9 8 5 ;  A c c e p t e d  9  D e c e m b e r  1 9 8 5 )  
A b s t r a c t - A n  i n  v i v o  r a i n b o w  t r o u t  ( S a l m o  g a i r d n e r i )  p r e p a r a t i o n  w a s  u s e d  t o  e v a l u a t e  t h e  g i l l  
u p t a k e  a n d  t o x i c o k i n e t i c s  o f  [ l H ] f e n v a l e r a t e  ( [ R , S ] - a - c y a n o - 3 - p h e n o x y b e n z y l  [ R , S ] - 2 - [ 4 - c h l o r o -
p h e n y l ] - 3 - m e t h y l b u t y r a t e ) ,  a  s y n t h e t i c  p y r e t h r o i d  i n s e c t i c i d e .  F i s h  w e r e  e x p o s e d  t o  t e c h n i c a l - g r a d e  
f e n v a l e r a t e  ( 0 . 2 8  o r  2 3  n g / L )  o r  a n  e m u l s i f i a b l e - c o n c e n t r a t e  f o r m u l a t i o n  ( 1 6  n g / L )  f o r  3 6  t o  
4 8  h .  N o  s i g n i f i c a n t  e f f e c t s  o f  e m u l s i f i e r s  o r  f e n v a l e r a t e  c o n c e n t r a t i o n  o n  u p t a k e  w e r e  o b s e r v e d .  
T h e  o v e r a l l  m e a n  g i l l  u p t a k e  e f f i c i e n c y  w a s  d e t e r m i n e d  t o  b e  2 8 . 6  ±  4 . 4 0 7 o .  F o l l o w i n g  8 - t o  4 8 - h  
d e p u r a t i o n  p e r i o d s ,  c a r c a s s  a n d  b i l e  c o n t a i n e d  8 0  t o  9 0 0 7 o  a n d  1 0  t o  2 0 %  o f  t h e  g i l l - a b s o r b e d  d o s e s ,  
r e s p e c t i v e l y .  U r i n e ,  f e c e s  a n d  b l o o d  e a c h  c o n t a i n e d  l e s s  t h a n  2 %  o f  t h e  d o s e .  S i g n i f i c a n t  e x c r e -
t i o n  a n d  b l o o d  t r a n s p o r t  o f  f e n v a l e r a t e  e q u i v a l e n t s  w e r e  c o m p l e t e d  w i t h i n  8  t o  1 2  h  a f t e r  t e r m i -
n a t i o n  o f  e x p o s u r e .  S p e c i f i c  t i s s u e s  f r o m  t r o u t  e x p o s e d  t o  0 . 2 8  n g / L  f e n v a l e r a t e  w e r e  a n a l y z e d  f o r  
f e n v a l e r a t e  e q u i v a l e n t s .  A f t e r  a  4 8 - h  d e p u r a t i o n  p e r i o d ,  b i l e  c o n t a i n e d  t h e  h i g h e s t  c o n c e n t r a t i o n  
o f  f e n v a l e r a t e  e q u i v a l e n t s  ( 7 , 0 0 0  p g / g ) ,  f o l l o w e d  b y  f a t  ( 2 0 0  p g / g ) .  R e m a i n i n g  t i s s u e s  c o n t a i n e d  
1 5  t o  4 5  p g / g .  A n a l y s i s  o f  b i l i a r y  m e t a b o l i t e s  i n d i c a t e d  t h a t  t h e  g l u c u r o n i d e  o f  4 ' - H O - f e n v a l e r a t e  
w a s  t h e  o n l y  s i g n i f i c a n t  d e g r a d a t i o n  p r o d u c t .  R e s u l t s  f r o m  t h e  p r e s e n t  s t u d y  s u g g e s t  t h a t  e f f i c i e n t  
g i l l  u p t a k e  d o e s  n o t  e x p l a i n  t h e  e x t r e m e  s e n s i t i v i t y  o f  f i s h  t o  f e n v a l e r a t e .  R a t h e r ,  a  l o w  r a t e  o f  
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K e y w o r d s - F e n  v a l e r a t e  S a l m o  g a i r d n e r i  
I N T R O D U C T I O N  
P y r e t h r o i d  i n s e c t i c i d e s ,  i n c l u d i n g  f e n v a l e r a t e  
( [ R , S ] - a - c y a n o - 3 - p h e n o x y b e n z y l  [ R , S ] - 2 - [ 4 - c h l o r o -
p h e n y l ] - 3 - m e t h y l b u t y r a t e ) ,  a r e  v e r y  t o x i c  t o  f i s h .  
F e n v a l e r a t e  f l o w - t h r o u g h  9 6 - h  L C 5 0  v a l u e s  f o r  
r a i n b o w  t r o u t  ( S a l m o  g a i r d n e r i )  a n d  f a t h e a d  m i n -
n o w s  ( P i m e p h a l e s  p r o m e l a s )  o f  0 . 5  t o  2  ~tg/L h a v e  
b e e n  r e p o r t e d  [ 1 , 2 ] .  P o s s i b l e  e x p l a n a t i o n s  f o r  t h e  
h i g h  t o x i c i t y  o f  p y r e t h r o i d s  t o  f i s h  i n c l u d e  ( a )  s e n -
s i t i v i t y  a t  t h e  s i t e ( s )  o f  a c t i o n ,  ( b )  h i g h l y  e f f i c i e n t  
g i l l  u p t a k e  a n d  ( c )  i n e f f i c i e n t  m e t a b o l i s m  a n d  
e l i m i n a t i o n .  
E f f i c i e n t  u p t a k e  o f  i n s e c t i c i d e s  a c r o s s  t h e  g i l l s  
a n d  i n t o  t h e  b l o o d s t r e a m  c a n  r e s u l t  i n  h i g h  t o x -
* T o  w h o m  c o r r e s p o n d e n c e  m a y  b e  a d d r e s s e d .  
T h e  c u r r e n t  a d d r e s s  o f  S . P .  B r a d b u r y  i s  U . S .  E n v i -
r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  E n v i r o n m e n t a l  R e s e a r c h  
L a b o r a t o r y - D u l u t h ,  6 2 0 1  C o n g d o n  B o u l e v a r d ,  D u l u t h ,  
M N  5 5 8 0 4 .  
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G i l l  u p t a k e  T o x i c o k i n e t i c s  M e t a b o l i s m  
i c i t y  t o  f i s h .  W a t e r  s o l u b i l i t y  a n d  l i p o p h i l i c i t y ,  p a -
r a m e t e r s  g e n e r a l l y  a c c e p t e d  t o  i n f l u e n c e  u p t a k e ,  
h a v e  b e e n  c o r r e l a t e d  w i t h  t h e  t o x i c i t y  o f  i n s e c t i -
c i d e s  [ 3 ] ,  i n c l u d i n g  p y r e t h r o i d s  [ 4 ] .  E m u l s i f i e r s  
h a v e  b e e n  f o u n d  t o  i n f l u e n c e  t h e  l e t h a l i t y  o f  p y -
r e t h r o i d s  [ 1 , 5 , 6 ] ,  s e e m i n g l y  t h r o u g h  e f f e c t s  o n  
u p t a k e  [ 1 ] .  B e c a u s e  o f  t h e i r  l i p o p h i l i c i t y  ( o c t a -
n o l ! w a t e r  p a r t i t i o n  c o e f f i c i e n t s  [ l o g  P ]  o f  6 . 2  t o  
7 . 5 )  p y r e t h r o i d s  m a y  b e  e f f i c i e n t l y  a b s o r b e d  a c r o s s  
t h e  g i l l s  [ 7 ] ;  h o w e v e r ,  s p e c i f i c  r e s e a r c h  s u p p o r t i n g  
t h i s  v i e w  i s  n o t  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  
I n s u f f i c i e n t  r a t e s  o f  p y r e t h r o i d  d e t o x i f i c a t i o n  
c o u l d  a l s o  c o n t r i b u t e  t o  t h e  l e t h a l i t y  o f  p y r e -
t h r o i d s ;  h o w e v e r ,  f e w  s t u d i e s  h a v e  b e e n  p u b l i s h e d  
r e g a r d i n g  t h e  m e t a b o l i s m  o f  t h e s e  i n s e c t i c i d e s  i n  
f i s h .  I n  a  q u a l i t a t i v e  s e n s e ,  i n  v i t r o  m e t a b o l i s m  o f  
p e r m e t h r i n  ( 3 - p h e n o x y b e n z y l  [ R , S ]  c i s , t r a n s - 3 -
( 2 , 2 - d i c h l o r o v i n y l ) - 2 , 2 - d i m e t h y l c y c l o p r o p a n e c a r -
b o x y l a t e )  i n  f i s h  i s  s i m i l a r  t o  t h a t  o b s e r v e d  i n  
m a m m a l i a n  s p e c i e s  [ 8 ] .  I n  c o n t r a s t ,  o t h e r  i n  v i t r o  
[ 9 ]  a n d  i n  v i v o  [ 1 0 ]  s t u d i e s  o f  p e r m e t h r i n  m e t a b -
o l i s m  i n  r a i n b o w  t r o u t  i n d i c a t e  a n  o v e r a l l  l o w e r  
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rate of hydrolysis and oxidation than that noted in 
mammals and birds, species less sensitive to py-
rethroids [11]. Greater fish toxicity for the 
pyrethroids containing an a-cyano substituent in 
the benzyl alcohol moiety has been proposed to be 
the result of less efficient metabolism because 
lethality trends could not be explained adequately 
by differences in lipophilicity and uptake [5,6,12]. 
The absence of toxicokinetic studies with a-cyano 
pyrethroids in fish makes evaluation of this hy-
pothesis impossible. The research presented here is 
part of a project designed to investigate the gill 
uptake and toxicokinetics of pyrethroid insecti-
cides in fish. Fenvalerate was selected as the model 
compound, and the rainbow trout was used as the 
test species. 
MATERIALS AND METHODS 
Two studies were undertaken. The first in-
volved the estimation of the in vivo gill uptake, 
distribution and elimination of fenvalerate; the 
second included an examination of the in vivo 
metabolism of fenvalerate. The respirometer-me-
tabolism chambers, exposure system and surgical 
procedures used to study the uptake and metabo-
lism of fenvalerate were basically as described 
previously [13-15]. 
Toxicant preparation and exposure 
[3H]Fenvalerate (aromatic) was used in the 
study (Fig. 1). Technical-grade insecticide, ob-
tained from the Shell Development Company 
(Modesto, CA), was tritiated via a catalytic ex-
change reaction (Amersham Corp., Arlington 
Heights, IL) and isolated from the crude reaction 
mixture by preparative thin-layer chromatography 
(TLC) and radioautography. The [3H]fenvalerate 
had a final radiochemical purity of greater than 
9807o as determined by TLC, radioautography, liq-
uid scintillation counting (LSC) and gas-liquid 
chromatography (GLC). The specific activity of 
the preparation was 5.0 Ci/mmol, as determined 
by LSC and GLC (see ref. 1 for GLC conditions; 
TLC systems are described below, under "Analysis 
of biliary metabolites"). [3H]Fenvalerate with 
specific activities of 5.0 and 0.11 Ci/mmol (origi-
nal material diluted with unlabeled insecticide) was 
used in the metabolism and uptake experiments, 
respectively. The material was dissolved in ben-
zene:toluene (99: 1, v /v) and stored at 4 oc until 
used. 
A fresh stock solution of [3H]fenvalerate was 
prepared with distilled water in an 18-liter stock 
bottle for each exposure period. Required aliquots 
of the insecticide were added to the stock bottle, 
followed by evaporation of the solvent to near dry-
ness. After addition of distilled water, the contents 
were agitated with a Teflon-coated magnetic stir 
bar. To test the effect of emulsifiers on the uptake 
of fenvalerate, a 30% active ingredient (a:i.) emul-
sifiable concentrate (EC) was formulated by add-
ing the placebo EC (commercial EC with less 
active ingredient, supplied by the Shell Develop-
ment Company) at the proper nominal level to 
[ 3H]fenvalerate-water solutions. 
[3H]Fenvalerate stock solutions were delivered 
to the toxicant-mixing cell at a rate of 2 ml/min 
with an FMI (Fluid Metering, Inc., Oyster Bay, 
NY) chemical-metering pump. The stock solutions 
were then diluted with Lake Superior water flow-
ing at a rate of 600 or 1,000 ml/min. The fenvaler-
ate solutions flowed into two replicate metabolism 
chambers at a rate of 300 or 500 mllmin. Mean 
fenvalerate aqueous concentrations (±sE) were 
maintained at 23.2 ± 5.1, 15.6 ± 1.6 and 0.28 ± 
0.09 ng/L in the technical-uptake, EC-uptake, and 
metabolism exposures, respectively. 
Unfiltered Lake Superior water was maintained 
at 11.0 to 11.5°C. Overall means and standard 
deviations (n = 8) for hardness and alkalinity [16] 
were 42.59 ± 0.62 and 44.62 ± 1.20 mg/L as 
CaC03 , respectively. Dissolved oxygen (DO), 
measured with a Beckman oxygen electrode (Beck-
man Instruments, Inc., Arlington Heights, IL), 
ranged from 10.5 to 11.0 (n=224). Mean pH 
(n = 8) was 7.79 ± 0.06. 
Fish preparation 
A total of 12 trout were 'used in the project; 
each fish was treated as an experimental unit. Four 
Fig. 1. Structure of fenvalerate, 
showing 3H-labeling positions ( *) 
and site (4') of metabolic oxidation 
in rainbow trout. 
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r a i n b o w  t r o u t  w e r e  u s e d  i n  t h e  m e t a b o l i s m  s t u d y  
( t w o  f e m a l e  a n d  t w o  m a l e ) ,  w h e r e a s  i n  t h e  u p t a k e  
s t u d y ,  f o u r  t r o u t  w e r e  u s e d  w i t h  e a c h  f o r m u l a t i o n  
( t e c h n i c a l - g r a d e ,  t h r e e  f e m a l e  a n d  o n e  m a l e ;  E C ,  
o n e  f e m a l e  a n d  t h r e e  m a l e ) .  T h e  t r o u t  w e r e  m a i n -
t a i n e d  a t  t h e  U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  
A g e n c y  E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y -
D u l u t h  ( D u l u t h ,  M N )  f o r  s e v e r a l  m o n t h s  b e f o r e  
u s e  a n d  a c c l i m a t e d  t o  a  t e m p e r a t u r e  o f  1 1  t o  l 2 ° C .  
T h e  f i s h  w e i g h e d  b e t w e e n  0 . 6 4 0  a n d  0 . 9 7 1  k g  a n d  
w e r e  k e p t  o n  a  1 2 - h  p h o t o p e r i o d  ( i n c a n d e s c e n t  
l i g h t i n g ,  1 1 . 0  l m  a t  w a t e r  s u r f a c e )  d u r i n g  a n  e x p e r -
i m e n t .  T r o u t  f o o d  ( G l e n c o e  M i l l s ,  G l e n c o e ,  M N )  
w a s  w i t h h e l d  f r o m  t h e  f i s h  2 4  h  b e f o r e  u s e ,  a n d  
f i s h  w e r e  n o t  f e d  d u r i n g  a n  e x p e r i m e n t .  
F i s h  w e r e  e x p o s e d  t o  f e n v a l e r a t e  i n  P l e x i g l a s  
r e s p i r o m e t e r - m e t a b o l i s m  c h a m b e r s  [ 1 5 ]  a n d  s u r g i -
c a l l y  p r e p a r e d  a s  p r e v i o u s l y  r e p o r t e d  [ 1 3 , 1 4 ] .  
S a m p l i n g  
I n  t h e  m e t a b o l i s m  s t u d y ,  f i s h  w e r e  e x p o s e d  t o  
t h e  i n s e c t i c i d e  f o r  4 6  t o  4 7  h .  F o l l o w i n g  e x p o s u r e  
a n d  f l u s h i n g  o f  t h e  c h a m b e r s  w i t h  u n t r e a t e d  w a t e r  
( 1  h ) ,  d e p u r a t i o n  o f  t h e  i n s e c t i c i d e  w a s  m o n i t o r e d  
f o r  a n  a d d i t i o n a l 4 8  h .  I n  t h e  u p t a k e  s t u d y ,  e x p o -
s u r e  p e r i o d s  o f  3 6  t o  4 8  h  w e r e  u t i l i z e d .  E l i m i n a -
t i o n  w a s  m o n i t o r e d  f o r  4 8  h  i n  t h e  t e c h n i c a l  t e s t .  
B a s e d  o n  t h e  d i s t r i b u t i o n  a n d  e l i m i n a t i o n  d a t a  f o r  
t h i s  g r o u p ,  t h e  f i s h  i n  t h e  E C  t e s t  w e r e  k i l l e d  8  h  
a f t e r  e x p o s u r e .  D u r i n g  e a c h  e x p o s u r e  p e r i o d ,  e i g h t  
m e a s u r e m e n t s  o f  v e n t i l a t i o n  r a t e ,  v e n t i l a t i o n  v o l -
u m e ,  D O  u p t a k e  ( s e e  r e f .  1 5  f o r  m e t h o d s ) ,  a n d  
f e n v a l e r a t e  u p t a k e  w e r e  m a d e  f o r  e a c h  f i s h .  G i l l  
o x y g e n - a n d  f e n v a l e r a t e - u p t a k e  e f f i c i e n c y  i s  t h e  
p e r c e n t a g e  d e c r e a s e  i n  c o n c e n t r a t i o n  b e t w e e n  t h e  
i n s p i r e d  a n d  e x p i r e d  w a t e r .  D u r i n g  d e p u r a t i o n  
p h a s e s  o f  a n  e x p e r i m e n t ,  t h e s e  p a r a m e t e r s  ( f e n -
v a l e r a t e  g i l l  e l i m i n a t i o n  r a t h e r  t h a n  u p t a k e )  w e r e  
m e a s u r e d  e i g h t  t i m e s ,  e x c e p t  i n  t h e  E C - u p t a k e  
e x p e r i m e n t ,  f o r  w h i c h  t h r e e  m e a s u r e m e n t s  w e r e  
m a d e .  C o n t r o l  D O  a n d  r e s p i r a t o r y  f u n c t i o n  m e a -
s u r e m e n t s  w e r e  m a d e  p r i o r  t o  e x p o s u r e  t o  t o x i c a n t  
( n  =  4  m e a s u r e m e n t s  p e r  f i s h ) .  
U r i n e  ( 2  m l  m i n i m u m  s a m p l e )  w a s  c o l l e c t e d  
f r o m  e a c h  f i s h  a t  v a r i o u s  t i m e s  t h r o u g h o u t  t h e  
e x p o s u r e  a n d  d e p u r a t i o n  p e r i o d s .  A t  t h e  e n d  o f  
t h e  d e p u r a t i o n  p e r i o d ,  t h e  f i s h  w e r e  k i l l e d  b y  a n e s -
t h e t i c  o v e r d o s e ,  a n d  f e c a l  m a t e r i a l  w a s  c o l l e c t e d  
v i a  c a t h e t e r .  B l o o d  ( 5  t o  6  m l )  w a s  c o l l e c t e d  b y  
c a u d a l  p u n c t u r e ;  s u b s a m p l e s  w e r e  t a k e n  t o  d e t e r -
m i n e  t o t a l  b l o o d  r a d i o a c t i v i t y .  T h e  b l o o d  w a s  t h e n  
s e p a r a t e d  i n t o  p l a s m a  a n d  p a c k e d - c e l l  f r a c t i o n s  b y  
c e n t r i f u g a t i o n .  B i l e  ( 1 . 0  t o  1 . 5  m l )  w a s  c o l l e c t e d  b y  
g a l l  b l a d d e r  p u n c t u r e .  I n  t h e  m e t a b o l i s m  s t u d y ,  
t h e  e n t i r e  b r a i n ,  h e a r t ,  k i d n e y ,  l i v e r ,  o v a r i e s ,  
s p l e e n  a n d  t e s t e s  [ 1 ]  w e r e  r e m o v e d  a n d  w e i g h e d .  
S a m p l e s  o f  f a t  ( 0 . 1  t o  0 . 7  g ) ,  g i l l  ( 1 . 5  t o  2 . 5  g )  a n d  
m u s c l e  ( 3 . 5  t o  5 . 5  g )  a l s o  w e r e  r e m o v e d  a n d  
w e i g h e d .  T h e  m a s s  o f  t h e  r e m a i n i n g  c a r c . a s s  w a s  
t h e n  d e t e r m i n e d  a n d  h o m o g e n i z e d .  I n  t h e  u p t a k e  
e x p e r i m e n t s ,  t h e  c a r c a s s  w a s  h o m o g e n i z e d  a f t e r  
r e m o v a l  o f  b l o o d  a n d  b i l e .  A l l  t i s s u e  s a m p l e s  w e r e  
s t o r e d  a t  - 2 0 ° C  u n t i l  a n a l y z e d .  
W a t e r  a n d  t i s s u e  a n a l y s i s  
[
3
H ] F e n v a l e r a t e  w a s  m e a s u r e d  i n  i n s p i r e d  a n d  
e x p i r e d  w a t e r .  A  2 2 5 - m !  v o l u m e  o f  w a t e r  w a s  c o l -
l e c t e d  i n  a  2 5 0 - m !  v o l u m e t r i c  f l a s k  c o n t a i n i n g  2 5  
m l  h e x a n e .  A f t e r  4 5  m i n  o f  v i g o r o u s  s t i r r i n g ,  1 0  
m l  h e x a n e  w a s  c o l l e c t e d  i n  a  s c i n t i l l a t i o n  v i a l  a n d  
c o n c e n t r a t e d  t o  2  t o  3  m i .  F i f t e e n  m i l l i t e r s  o f  N A  
c o c k t a i l  ( B e c k m a n )  w a s  a d d e d  b e f o r e  L S C  a n a l -
y s i s .  E x t r a c t i o n  o f  w a t e r  s a m p l e s  s p i k e d  a t  l e v e l s  
c o m p a r a b l e  t o  t h o s e  i n  t h e  a c t u a l  t e s t s  r e s u l t e d  i n  
1 0 5  ±  2 0 J o  ( n  =  8 )  r e c o v e r y .  D u r i n g  d e p u r a t i o n  
p e r i o d s  i n  t h e  m e t a b o l i s m  s t u d y ,  e x p i r e d  w a t e r  w a s  
r e e x t r a c t e d  w i t h  e t h y l  a c e t a t e  i n  a n  a t t e m p t  t o  
r e c o v e r  a n y  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  m o r e  
p o l a r  m e t a b o l i t e s .  T e n  m i l l i t e r s  o f  M P  c o c k t a i l  
( B e c k m a n )  w a s  u s e d  t o  c o u n t  a l i q u o t s  o f  t h e  e t h y l  
a c e t a t e  e x t r a c t .  
[
3
H ] F e n v a l e r a t e  e q u i v a l e n t s  w e r e  d e t e r m i n e d  
i n  t h r e e  t o  f o u r  s u b s a m p l e s  f r o m  e a c h  t i s s u e  m a -
t r i x  c o l l e c t e d  f r o m  t h e  f i s h .  U r i n e  s a m p l e s  ( 1  m l )  
w e r e  c o u n t e d  d i r e c t l y  i n  1 0  m l  M P  c o c k t a i l .  T h e  
r e m a i n i n g  m a t r i c e s  w e r e  a n a l y z e d  f o l l o w i n g  h o -
m o g e n i z a t i o n  a n d  s o l u b i l i z a t i o n .  W h o l e  b l o o d  
( 2 5 0  p . l ) ,  p a c k e d  c e l l s  ( 1 0 0  p . l ) ,  p l a s m a  ( 1 0 0  p . l ) ,  b i l e  
( 2 5  p . l ) ,  c a r c a s s  ( 1 5 0  t o  2 5 0  m g )  a n d  r e m a i n i n g  t i s -
s u e s  ( 1 5 0  t o  2 5 0  m g )  w e r e  d i g e s t e d  i n  g l a s s  s c i n t i l -
l a t i o n  v i a l s  ( 3  t o  1 8  h a t  4 0  t o  5 0 ° C )  w i t h  1  t o  2  m l  
o f  a  1 : 1  ( v  / v )  m i x t u r e  o f  B T S - 4 5 0 ®  t i s s u e  s o l u b i -
l i z e r  ( B e c k m a n )  a n d  i s o p r o p a n o l .  A f t e r  d i g e s t i o n ,  
3 0 %  H
2
0
2  
( 5 0 0  p . l )  w a s  a d d e d  w i t h  f u r t h e r  h e a t -
i n g  ( 1  t o  3  h )  t o  d e c o l o r i z e  t h e  s a m p l e s .  D i g e s t s  
w e r e  c o u n t e d  a f t e r  t h e  a d d i t i o n  o f  1 0 0  t o  2 0 0  p . l  
g l a c i a l  a c e t i c  a c i d  a n d  1 5  m l  M P  c o c k t a i l .  F e c a l  
s a m p l e s  w e r e  m i x e d  b y  h a n d ,  a n d  s a m p l e s  o f  t h e  
s u s p e n s i o n  ( 1 0 0  t o  1 2 5  m g )  w e r e  t h e n  o x i d i z e d  i n  
L S C  v i a l s  w i t h  2 0 0  p . l  6 0 %  p e r c h l o r i c  a c i d  a n d  4 0 0  
p . l  3 0 %  H
2
0
2  
a t  6 0 ° C  f o r  3  h .  A f t e r  c o o l i n g ,  1 5  
m l  M P  c o c k t a i l  w a s  a d d e d .  S p i k e d  s a m p l e s  i n d i -
c a t e d  n o  l o s s  o f  t r i t i u m  a f t e r  h e a t i n g  a n d  r e s u l t e d  
i n  1 0 8  ±  4 %  ( n  =  8 )  r e c o v e r y .  
R a d i o a c t i v i t y  i n  w a t e r  a n d  t i s s u e  s a m p l e s  w a s  
q u a n t i f i e d  u s i n g  e i t h e r  a  B e c k m a n  L C - 8 0 0 0  s e r i e s  
o r  a n  L K B  1 2 1 7  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  ( L K B  
I n s t r u m e n t s ,  I n c . ,  R o c k v i l l e ,  M D ) .  B o t h  c o u n t e r s  
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were equipped with computerized dpm packages. 
Quench correction was based on external standard 
ratio (LKB) or H number (Beckman) techniques. 
Water and tissue samples were counted to 1 OJo and 
1 to 7% uncertainty, respectively. 
Analysis of biliary metabolites 
Bile collected from each fish used in the metab-
olism study (1.5 to 2.0 ml per fish) was analyzed 
individually by methods adapted from Glickman 
eta!. [IO]. Following acidification to a pH of 1.5 
with HCl, the bile samples were extracted three 
times with an equal volume of ethyl acetate. The 
extract was then dried over Na2S04 • Between 80 
and 87% of the radioactivity was extracted from 
the bile. Aliquots of the bile extract were then 
exposed to /3-glucuronidase (Sigma Chemical Co., 
St. Louis, MO) in appropriate buffer systems with 
proper controls (including saccharic acid 1 ,4-lac-
tone; see ref. 17 for methods). Additional aliquots 
were incubated with aryl sulfatase (Sigma). After 
incubation and acidification with HCl, the en-
zyme-bile extract solutions were extracted three 
times with equal volumes of ethyl ether: 95% 
ethanol (3:1, v/v) and dried over Na2S04 • The 
concentrated extracts were then applied to TLC 
plates after addition of unlabeled standards. 
TLC utilized silica gel 60 F-254 20 X 20 em 
plates with a thickness of 0.25 mm (MCB Re-
agents, Gibbstown, NJ) and the following two sol-
vent systems (by volume): A, hexane:toluene:acetic 
acid (3:15:1), two developments; B, benzene (satu-
rated with formic acid):ethyl ether (10:3), two 
developments. All solvents were reagent-grade. 
The following unlabeled standards were used: m-
phenoxybenzyl alcohol, m-phenoxybenzaldehyde 
and m-phenoxybenzoic acid (all purchased from 
Aldrich Chemical Co., Milwaukee, WI); 2-(p-
chlorophenyl)-3-methylbutyric acid (purchased 
from Frinton Laboratories, Vineland, NJ); fen-
valerate, 4' -HO-fenvalerate and 4' -HO-m-phen-
oxybenzoic acid (all generously provided by the 
Shell Development Company). Parent compound 
and the metabolites were separated using two-
dimensional chromatography (system A followed 
by system B; method adapted from ref. 18). Stan-
dards were visualized with ultraviolet light (254 
nm). Radioactive sites on the plates were detected 
by radioautography (LKB Ultrofilm 3 H; LKB 
Instruments) and confirmed and quantified by 
scraping appropriate. segments of the plates and 
measuring by LSC. Biliary metabolites were iden-
tified through cochromatography with unlabeled 
standards. 
Statistical analysis 
To compare respiratory function, fenvalerate 
uptake and fenvalerate distribution data, t tests 
were used. Regression analysis was used to evalu-
ate uptake efficiency over time [19]. A p value of 
0.05 was used to determine significance. 
RESULTS 
Respiratory function data obtained in each 
study are listed in Table 1. Within each test, there 
was no significant difference between preexposure, 
exposure and depuration values, suggesting no 
sublethal effect of the insecticide on respiratory 
function. There also was no difference in respira-
tory parameters between fish in the technical- and 
EC-uptake studies. The respiratory parameters 
from the 12 fish are similar to values obtained 
previously for transected rainbow trout [13, 14], 
but the overall mean ventilation volume was 1.5 
times higher. 
Uptake study 
Mean gill fenvalerate-uptake efficiencies for the 
fish in the technical and EC groups were 23.6 and 
30.3%, respectively (Table 2). No significant dif-
ference between uptake efficiencies for the two 
formulations was noted. One fish in the EC group 
had a substantially higher ventilation volume (22.2 
L/h) and fenvalerate-uptake efficiency (39.2%) 
than did the remaining three fish. EC-uptake data, 
excluding this aberrant fish, are also included in 
Table 2. Regression analysis of fenvalerate uptake 
over time indicated that within each formulation 
uptake efficiency did not vary (slopes were not sig-
nificantly different from 0). During the depuration 
periods, no measurable elimination of fenvalerate 
across the gills was noted. 
The total [3H]fenvalerate equivalents absorbed 
by each fish were calculated by multiplying the 
aqueous fenvalerate concentration by gill uptake 
efficiency, ventilation volume and total exposure 
time. Dividing this value by fish weight gave a cal-
culated concentration in an individual, assuming 
no excretion. Dividing this concentration by ex-
posure time provided a calculated dose rate of 
[ 3H]fenvalerate on a ng/kg/h basis. Mean values 
for each formulation are listed in Table 2. With 
exclusion of the aberrant fish, a mean dose rate of 
48.1 ng/kg/h was determined for the EC group, 
whereas a dose rate of 74.9 ng/kg/h was calcu-
lated for the technical group. The lower dose rate 
in the EC group is a function of the proportion-
ately lower fenvalerate exposure concentration. 
By quantifying the PHJfenvalerate equivalents 
F e n v a l e r a t e  t o x i c o k i n e t i c s  i n  r a i n b o w  t r o u t  
5 7 1  
T a b l e  I .  C o m p a r i s o n  o f  r e s p i r a t o r y  f u n c t i o n  i n  r a i n b o w  t r o u t  b e f o r e ,  d u r i n g  a n d  a f t e r  
a q u e o u s  e x p o s u r e  t o  [
3
H ) f e n v a l e r a t e •  
P r e e x p o s u r e  E x p o s u r e  D e p u r a t i o n  
V e n t i l a t i o n  r a t e  ( n o . / m i n )  
U p t a k e  s t u d y  
T e c h n i c a l  f o r m u l a t i o n b  
5 8 ±  1 0  5 9 ±  1 3  6 0  ±  1 5  
E C  f o r m u l a t i o n '  
7 2  ±  4  
7 0  ±  2  6 9  ±  5  
M e t a b o l i s m  s t u d y c t  
6 0  ±  5  6 3  ±  7  6 0 ±  6  
O v e r a l l  m e a n  
6 4  ±  9  6 3  ±  9  6 3  ±  1 0  
V e n t i l a t i o n  v o l u m e  ( L i h )  
U p t a k e  S t u d y  
T e c h n i c a l  f o r m u l a t i o n  
9 . 2 4  ±  1 . 9 8  1 1 . 1 0  ±  2 . 4 0  1 1 . 5 2  ±  2 . 1 0  
E C  f o r m u l a t i o n  
1 3 . 7 4  ±  6 . 1 2  1 3 . 7 0  ±  6 . 6 0  1 4 . 8 0  ±  6 . 6 0  
M e t a b o l i s m  s t u d y  
8 . 7 6  ±  1 . 3 2  8 . 7 3  ±  2 . 2 2  8 . 8 2  ±  2 . 1 0  
O v e r a l l  m e a n  ( L / h )  
1 0 . 9 2  ±  4 . 0 8  1 1 . 1 2  ±  4 . 2 6  1 1 . 7 6  ±  4 . 5 6  
O v e r a l l  m e a n  ( L / k g / h )  1 2 . 4 7  ±  6 . 8 8  1 3 . 7 6  ±  6 . 5 7  1 3 . 8 4  ±  6 . 5 0  
O x y g e n  u p t a k e  e f f i c i e n c y  ( %  ) •  
U p t a k e  s t u d y  
T e c h n i c a l  f o r m u l a t i o n  
5 7 ±  1 6  5 3 ±  1 8  4 9  ±  1 5  
E C  f o r m u l a t i o n  
4 8  ±  2 0  4 7  ±  2 0  4 5  ±  2 0  
M e t a b o l i s m  s t u d y  
6 2  ±  9  6 0  ±  1 3  
6 1  ±  1 2  
O v e r a l l  m e a n  
5 8 ±  1 5  5 4 ±  1 6  5 2 ±  1 6  
" M e a n ±  s t a n d a r d  e r r o r  f o r  n  =  4  f i s h  p e r  e x p e r i m e n t  ( n  =  1 2  f o r  o v e r a l l  m e a n s ) .  F u n c t i o n s  w e r e  m e a s u r e d  f o u r ,  
e i g h t  a n d  t h r e e  t o  e i g h t  t i m e s  p e r  f i s h  d u r i n g  p r e e x p o s u r e ,  e x p o s u r e  a n d  d e p u r a t i o n  p e r i o d s ,  r e s p e c t i v e l y .  
b F i s h  w e r e  e x p o s e d  t o  2 3 . 2  ±  5 . 1  n g / L  f e n v a l e r a t e .  
' F i s h  w e r e  e x p o s e d  t o  1 5 . 6  ±  1 . 6  n g / L  f e n v a l e r a t e .  
c t F i s h  w e r e  e x p o s e d  t o  0 . 2 8  ±  0 . 0 9  n g / L  f e n v a l e r a t e .  
• o
2  
u p t a k e  e f f i c i e n c y  =  [ ( i n s p i r e d  [ 0
2
]  - e x p i r e d  [ 0
2
) ) / ( i n s p i r e d  [ 0
2
) ) )  x  1 0 0 0 7 o .  
i n  e a c h  f i s h  a n d  d i v i d i n g  b y  f i s h  w e i g h t  a n d  e x p o -
s u r e  t i m e ,  m e a s u r e d  d o s e  r a t e s  ( T a b l e  3 )  w e r e  
d e t e r m i n e d  t o  e v a l u a t e  t h e  a c c u r a c y  o f  t h e  c a l c u -
l a t e d  d o s e  r a t e s .  M e a n  m e a s u r e d  d o s e  r a t e s  o f  6 1 . 7  
a n d  4 1 . 6  n g / k g / h  w e r e  d e t e r m i n e d  f o r  t h e  t e c h n i -
c a l  a n d  E C  g r o u p s ,  r e s p e c t i v e l y .  T h e  d i s t r i b u t i o n  
o f  [
3
H ] f e n v a l e r a t e  e q u i v a l e n t s  b a s e d  o n  t h e  c a l c u -
l a t e d  d o s e  i s  p r e s e n t e d  i n  T a b l e  4 ,  a n d  n o  s i g n i f i -
c a n t  d i f f e r e n c e  w a s  n o t e d  b e t w e e n  f o r m u l a t i o n s .  
O v e r a l l ,  t h e  m e a n  m e a s u r e d  d o s e s  w e r e  a b o u t  8 2 o / o  
t h a t  o f  t h e  c a l c u l a t e d  d o s e s .  B a s e d  o n  t h e  c a l c u -
l a t e d  d o s e ,  t h e  h i g h e s t  p e r c e n t a g e  o f  [
3
H ] f e n v a l -
e r a t e  e q u i v a l e n t s  w a s  a s s o c i a t e d  w i t h  t h e  r e m a i n i n g  
c a r c a s s  ( a b o u t  7 3 % ) ,  f o l l o w e d  b y  b i l e  ( a b o u t  
7 . 5 % ) .  B l o o d ,  u r i n e  a n d  f e c e s  c o n t a i n e d  b e t w e e n  
0  a n d  1 . 2 %  o f  t h e  d o s e .  D i s t r i b u t i o n  o f  [
3
H ] f e n -
v a l e r a t e  e q u i v a l e n t s  b a s e d  o n  t h e  m e a s u r e d  d o s e  
w a s  a l s o  d e t e r m i n e d  ( d a t a  n o t  s h o w n ) .  I n  b o t h  
g r o u p s ,  a b o u t  8 8 %  o f  t h e  m e a s u r e d  d o s e  w a s  i n  
t h e  r e m a i n i n g  c a r c a s s ,  w h e r e a s  t h e  b i l e  c o n t a i n e d  
a b o u t  1 0 %  o f  t h e  d o s e .  B l o o d ,  f e c e s  a n d  u r i n e  
c o n t a i n e d  b e t w e e n  0  a n d  1 . 5 %  o f  t h e  m e a s u r e d  
d o s e .  
W i t h  b o t h  f o r m u l a t i o n s ,  e l i m i n a t i o n  a n d  b l o o d  
t r a n s p o r t  o f  [
3
H ] f e n v a l e r a t e  e q u i v a l e n t s  w e r e  
n e a r l y  c o m p l e t e d  w i t h i n  8  t o  1 2  h  a f t e r  t e r m i n a t i o n  
o f  e x p o s u r e .  I n  t h e  t e c h n i c a l - u p t a k e  t e s t ,  w h o l e -
b l o o d  r a d i o a c t i v i t y  w a s  n o t  d e t e c t e d  ( 0 . 3 8  n g / m l )  
a f t e r  a  4 8 - h  d e p u r a t i o n  p e r i o d ,  w h e r e a s  i n  t h e  E C -
u p t a k e  s t u d y ,  0 . 5 %  o f  t h e  d o s e  w a s  m e a s u r e d  i n  
t h e  w h o l e  b l o o d  a f t e r  8  h  o f  d e p u r a t i o n .  O f  t h i s  
a m o u n t ,  8 8  ±  5 %  w a s  a s s o c i a t e d  w i t h  t h e  p a c k e d  
c e l l s  a n d  1 2  ±  6 %  w a s  a s s o c i a t e d  w i t h  t h e  p l a s m a .  
I n  b o t h  s t u d i e s ,  a  s i m i l a r  u r i n e  e x c r e t i o n  p a t t e r n  
w a s  n o t e d .  R a d i o a c t i v i t y  w a s  n o t  d e t e c t a b l e  i n  
u r i n e  s a m p l e s  u n t i l  1 2  t o  2 0  h  a f t e r  i n i t i a t i o n  o f  
e x p o s u r e .  T h e  c o n c e n t r a t i o n  o f  [
3
H ] f e n v a l e r a t e  
e q u i v a l e n t s  t h e n  i n c r e a s e d  w i t h  t i m e .  P e a k  c o n c e n -
t r a t i o n s  w e r e  r e a c h e d  d u r i n g  t h e  f i n a l  1  t o  2  h  o f  
e x p o s u r e  o r  d u r i n g  t h e  f i r s t  1  t o  2  h  o f  t h e  d e p u -
r a t i o n  p e r i o d ,  a f t e r  w h i c h  c o n c e n t r a t i o n s  s t e a d i l y  
d e c r e a s e d .  L e v e l s  w e r e  s t i l l  d e t e c t a b l e  a f t e r  8  h  o f  
d e p u r a t i o n  i n  t h e  E C - u p t a k e  s t u d y ;  i n  t h e  t e c h n i -
c a l  g r o u p  ( 4 8 - h  d e p u r a t i o n  p e r i o d ) ,  u r i n e  r a d i o a c -
t i v i t y  w a s  n o  l o n g e r  d e t e c t a b l e  ( 0 . 1  n g / m l )  b e t w e e n  
1 2  a n d  3 0  h  i n t o  t h e  d e p u r a t i o n  p e r i o d .  
M e t a b o l i s m  s t u d y  
A  m e a n  g i l l  f e n v a l e r a t e - u p t a k e  e f f i c i e n c y  o f  
3 2 . 1 %  ( T a b l e  2 )  i n  t h i s  s t u d y  w a s  n o t  s i g n i f i c a n t l y  
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F e n v a l e r a t e  t o x i c o k i n e t i c s  i n  r a i n b o w  t r o u t  
5 7 3  
T a b l e  4 .  D i s t r i b u t i o n  o f  [
3
H ) f e n v a l e r a t e  e q u i v a l e n t s  i n  r a i n b o w  t r o u t  a s  p e r c e n t a g e  o f  c a l c u l a t e d  d o s e "  
U p t a k e  s t u d y  
T e c h n i c a l  f o r m u l a t i o n b  E C  f o r m u l a t i o n '  
M e t a b o l i s m  s t u d y b  
T i s s u e  
( 2 3 . 2  n g / L )  
( 1 5 . 6  n g / L )  ( 0 . 2 8  n g / L )  
R e m a i n i n g  c a r c a s s  7 4 . 1  ±  7 . 4  
7 2 . 3  ±  2 . 5  6 6 . 6  ±  2 8 . 4  
B l o o d  
N D d  
0 . 4  ±  0 . 0 4  0 . 4  ±  0 . 3  
B i l e  7 . 8  ±  4 . 6  7 . 5  ±  6 . 0  
2 1 . 3  ±  8 . 4  
F e c e s  0 . 7  ±  0 . 6  0 . 4  ±  0 . 1  0 . 4  ±  0 . 5  
U r i n e  0 . 9  ±  0 . 8  
1 . 2  ±  0 . 3  2 . 3  ±  0 . 5  
T o t a l  8 5 . 3  ±  5 . 0  8 1 . 8  ±  4 . 8  
9 1 . 0  ±  3 6 . 1  
a s e e  T a b l e  2  f o r  c a l c u l a t e d  d o s e s .  
b M e a n  ±  s t a n d a r d  d e v i a t i o n  b a s e d  o n  n  =  4  f i s h .  
' M e a n  ±  s t a n d a r d  d e v i a t i o n  b a s e d  o n  n  =  3  f i s h .  O n e  f i s h  h a d  a n  a b n o r m a l l y  h i g h  v e n t i l a t i o n  v o l u m e  a n d  f e n v a l e r a t e  
u p t a k e  e f f i c i e n c y  ( s e e  T a b l e  2  a n d  t e x t ) ,  a n d  d a t a  f r o m  t h i s  f i s h  w e r e  e x c l u d e d .  T o t a l  r e c o v e r y  o f  t h e  c a l c u l a t e d  
d o s e  f o r  t h i s  f i s h  w a s  2 2 . 6 0 / o .  
d N o t  d e t e c t a b l e .  L i m i t  o f  d e t e c t i o n  f o r  b l o o d  i n  t h i s  s t u d y  w a s  0 . 3 8  n g / m l .  
d i f f e r e n t  f r o m  t h a t  d e t e r m i n e d  i n  t h e  u p t a k e  s t u d y .  
T h e  m e a n  c a l c u l a t e d  d o s e  r a t e  f o r  t h e  f o u r  f i s h  
w a s  0 . 8 5  n g / k g / h  ( T a b l e  2 ) ,  a n d  t h e  m e a n  m e a -
s u r e d  d o s e  r a t e  w a s  d e t e r m i n e d  t o  b e  0 . 6 7  n g / k g / h  
( T a b l e  3 ) .  A g r e e m e n t  b e t w e e n  c a l c u l a t e d  a n d  m e a -
s u r e d  d o s e s  ( T a b l e  4 )  w a s  s i m i l a r  t o  t h a t  i n  t h e  
u p t a k e  s t u d y ;  h o w e v e r ,  t h e  b e t w e e n - f i s h  v a r i a b i l -
i t y  a t  t h e  l o w e r  f e n v a l e r a t e  e x p o s u r e  l e v e l  w a s  
h i g h e r .  
O n  a  g r o s s  l e v e l ,  t h e  d i s t r i b u t i o n  o f  [
3
H ] f e n -
v a l e r a t e  e q u i v a l e n t s  i n  t h e s e  f i s h  w a s  s i m i l a r  t o  
t h a t  d e s c r i b e d  i n  t h e  u p t a k e  s t u d y  ( T a b l e  4 ) .  T h e  
p e r c e n t a g e  o f  f e n v a l e r a t e  e q u i v a l e n t s  w a s  h i g h e s t  
i n  t h e - r e m a i n i n g  c a r c a s s ,  f o l l o w e d  b y  b i l e ,  u r i n e ,  
f e c e s  a n d  b l o o d .  W i t h  t h e  l o w e r  f e n v a l e r a t e  e x p o -
s u r e  l e v e l  i n  t h e  m e t a b o l i s m  s t u d y ,  a  s i g n i f i c a n t l y  
g r e a t e r  p r o p o r t i o n  o f  t h e  m e a s u r e d  d o s e  w a s  a s s o -
c i a t e d  w i t h  t h e  b i l e  ( 2 4 0 J o  v e r s u s  1 0 %  i n  t h e  u p t a k e  
s t u d y ) .  C o r r e s p o n d i n g l y ,  a  s i g n i f i c a n t l y  l o w e r  p e r -
c e n t a g e  o f  m e a s u r e d  e q u i v a l e n t s  w a s  n o t e d  i n  t h e  
c a r c a s s  f r a c t i o n  i n  t h e  m e t a b o l i s m  s t u d y  ( 7 0 % )  
t h a n  i n  t h e  u p t a k e  s t u d y  ( 9 0 % ) .  T h e  p e r c e n t a g e  o f  
f e n v a l e r a t e  e q u i v a l e n t s  i n  t h e  u r i n e  f r a c t i o n  a n d  
t h e  t i m e  c o u r s e  o f  e x c r e t i o n  w e r e  s i m i l a r  t o  t h o s e  
n o t e d  i n  t h e  u p t a k e  s t u d y .  E l i m i n a t i o n  o f  [
3
H ) f e n -
v a l e r a t e  e q u i v a l e n t s  a c r o s s  t h e  g i l l s  w a s  n o t  d e -
t e c t e d .  A s  o b s e r v e d  i n  t h e  p r e v i o u s  s t u d y ,  t h e  
p a c k e d  c e l l  f r a c t i o n  o f  t h e  b l o o d  h a d  a  g r e a t e r  p e r -
c e n t a g e  o f  w h o l e - b l o o d  r a d i o a c t i v i t y  ( p a c k e d  c e l l s ,  
7 8  ±  7 0 J o ;  p l a s m a ,  2 2  ±  8 % ) .  
T h e  c o n c e n t r a t i o n  o f  [
3
H ] f e n v a l e r a t e  e q u i v a - .  
I e n t s  i n  a  v a r i e t y  o f  t i s s u e s  w a s  d e t e r m i n e d  a f t e r  
c o m p l e t i o n  o f  t h e  d e p u r a t i o n  p e r i o d  ( T a b l e  5 ) .  B i l e  
c o n c e n t r a t i o n s  ( a b o u t  7 , 0 0 0  p g / g )  w e r e  s u b s t a n -
T a b l e  5 .  C o n c e n t r a t i o n  o f  [
3
H ) f e n v a l e r a t e  e q u i v a l e n t s  
i n  r a i n b o w  t r o u t  t i s s u e s  a f t e r  a  4 8 - h  a q u e o u s  
e x p o s u r e  ( 0 . 2 8  n g / L )  a n d  4 8 - h  d e p u r a t i o n  
T i s s u e  
B i l e  
B l o o d  ( w h o l e )  
B r a i n  
C a r c a s s  ( r e m a i n i n g )  
F a t  
G i l l  
H e a r t  
K i d n e y  
L i v e r  
M u s c l e  
O v a r i e s  
P l a s m a  
R e d  b l o o d  c e l l s  
S p l e e n  
T e s t e s  
[
3  
H ] F e n v a l e r a t e  
e q u i v a l e n t s  ( p g /  g ) a  
7 , 0 6 0  ±  4 , 9 1 0  
2 2  ±  7  
2 1  ± I I  
2 3  ±  4  
2 0 3  ±  4 7  
4 6  ±  2 2  
1 7  
4 4  ±  1 0  
4 9  ±  7  
2 7  ±  4  
2 7  
8 ± 2  
4 6  ±  1 2  
3 4  ±  9  
N D b  
a  M e a n  ±  s t a n d a r d  d e v i a t i o n  f o r  n  =  4  f i s h ,  e x c e p t  f o r  
h e a r t ,  o v a r i e s  a n d  t e s t e s ,  f o r  w h i c h  n  =  2 .  T h e  r a n g e  f o r  
h e a r t  a n d  o v a r i e s  w a s  1 3 - 2 1  a n d  2 5 - 3 0  p g / g ,  r e s p e c t i v e l y .  
b N o t  d e t e c t a b l e .  L i m i t  o f  d e t e c t i o n  f o r  t e s t e s  w a s  1 0  
p g / g .  
t i a l l y  h i g h e r  t h a n  t h o s e  d e t e r m i n e d  i n  a n y  o t h e r  
m a t r i x .  C o n c e n t r a t i o n s  i n  t h e  f a t  o f  a b o u t  2 0 0  
p g / g  w e r e  5 0  t o  1 0 0  t i m e s  h i g h e r  t h a n  t h o s e  i n  
r e m a i n i n g  t i s s u e s .  O f  t h e  r e m a i n i n g  t i s s u e s ,  s l i g h t l y  
h i g h e r  c o n c e n t r a t i o n s  w e r e  f o u n d  i n  t h e  g i l l s ,  l i v e r ,  
k i d n e y s  a n d  p a c k e d  b l o o d  c e l l s  ( a b o u t  4 5  p g / g ) .  
A n a l y s i s  o f  b i l i a r y  m e t a b o l i t e s  i n d i c a t e d  t h a t  
t h e  m a j o r i t y  o f  t h e  r a d i o a c t i v i t y  w a s  a s s o c i a t e d  
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with a glucuronide conjugate(s), inasmuch as 980Jo 
was displaced to a higher RF following treatment 
with j)-glucuronidase. Of the radioactivity released, 
91% cochromatographed with 4'-HO-fenvaler-
ate (Fig. 1). Based on the measured dose and the 
amount of extractable activity in the bile, a mean 
of 18% of the absorbed dose was associated with 
this ester metabolite. Significant quantities of 
hydrolyzed metabolites were not detected. 
DISCUSSION 
The mean gill fenvalerate-uptake efficiencies 
derived from the uptake and metabolism studies 
were not significantly different, resulting in an 
overall mean of 28.6 ± 4.4%. The independence of 
gill absorption from fenvalerate concentration 
(0.28 to 23 ng/L) is consistent with observations 
for endrin [15] and a polychlorinated biphenyl iso-
mer [14]. To verify the accuracy of derived uptake 
efficiencies, calculated doses were compared with 
doses obtained from measuring and summing fen-
valerate levels in various tissue compartments. 
Measured doses were in reasonable agreement with 
calculated doses, which further establishes that the 
total flux of a chemical across the gills is a func-
tion of water concentration, uptake efficiency and 
respiratory volume [14]. 
The gill uptake efficiency value for fenval-
erate is consistent with an in vivo passive-diffusion 
model of xenobiotic absorption. McKim et a!. 
[13], using rainbow trout, studied the gill uptake 
of 14 different chemicals as related to log P (less 
than 1 to 7 .5). Results for fen valerate, at a calcu-
lated log P of 7.2 [20], agree closely with those for 
mirex (log P of 7.5; 20% uptake efficiency) and 
indicate that, at log P values between 6 and 7, gill 
uptake efficiency drops from about 60% to 20 to 
30%. 
Results from a previous study indicated that, at 
lethal aqueous concentrations (0.5 to 10.0 ttg/L), 
fenvalerate uptake in fathead minnows, based on 
whole-body residues, was approximately twice as 
rapid with a technical formulation than with a 
30% a.i. EC formulation [1]. In the present study, 
no significant effect of the commercial emulsifier 
was observed. Aqueous fenvalerate concentrations 
used in the previous study were approaching water-
solubility limits and, at those levels, significant 
interactions with emulsifying agents may result. In 
the present study, fenvalerate concentrations were 
well below solubility limits. 
The distribution of [3H]fenvalerate equivalents 
indicates that fenvalerate and its metabolites are 
not readily eliminated by rainbow trout. In addi-
tion, any significant excretion and transport must 
occur within hours of exposure termination. These 
findings are generally similar to those noted for 
permethrin after aqueous and i.p. exposures in 
rainbow trout [10], with some indication that fen-
valerate and its metabolites may be less readily 
eliminated. In contrast, warm-blooded vertebrates 
eliminate fenvalerate and its metabolites very effi-
ciently. Fo1lowing oral administration over 5 con-
secutive d, male rats excreted nearly 90% of the 
dose within 1 to 2 dafter exposure [18]. Bobwhite 
quail, administered fenvalerate orally for 14 d, 
reached steady-state excretion levels of 80 to 90% 
of the accumulated dose within the first 3 to 4 d 
of exposure [21]. Some of the differences noted 
among species could be due to the route of expo-
sure; presumably, an i.v. exposure in mammals 
would more closely mimic gill-uptake exposure in 
fish. No studies of the metabolism of fenvalerate 
following an i.v. exposure are available; however, 
the metabolism of deltamethrin ([S]-a-cyano-3-
phenoxybenzyl [1 R,3R]-3-(2,2-dibromovinyl)-2,2-
dimethylcyclopropanecarboxylate) in rats after i. v. 
exposure [22] seems similar to that noted follow-
ing oral exposure [23]. 
Analysis of specific tissues for [3H]fenvalerate 
equivalents after a 48-h depuration period indi-
cates that bile contained the highest concentra-
tions, followed by fat. The high concentration in 
bile is consistent with its role in excretion. Fen-
valerate has been found to concentrate in the fat 
of mice and rats at levels generally 10 times that 
noted in other tissues [18,24], which is consistent 
with results of the present study. Permethrin was 
also found to concentrate in the fat of rainbow 
trout [10]. Accumulation in fat is probably a func-
tion of the high lipophilicity of fenvalerate and 
related pyrethroids. The packed-cell fraction of the 
blood concentrated higher levels of PH]fenvaler-
ate equivalents than did the plasma. Typically, 
insecticides are transported in the plasma fraction 
of the blood [25]. The results of this study further 
underscore the rapid distribution of fenvalerate 
into lipid compartments within trout. 
Analysis of biliary metabolites indicates that 
oxidation at the 4' position and then glucuronida-
tion were the only significant fenvalerate detoxifi-
cation steps in rainbow trout. Similar detoxification 
reactions have been reported for cypermethrin 
([R,S]a-3-phenoxybenzyl [R,S)cis,trans-3-(2,2-di-
chlorovinyl)-2 ,2-dimethylcyclopropanecarboxylate) 
[26]. The in vivo metabolism of permethrin in 
rainbow trout was also qualitatively similar [10]; 
however, it would seem that the metabolism and 
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5 7 5  
e x c r e t i o n  o f  f e n v a l e r a t e  b y  r a i n b o w  t r o u t  a r e  l e s s  
e f f i c i e n t .  T h i s  d i f f e r e n c e  i n  m e t a b o l i s m ,  p r o b a b l y  
c o u p l e d  w i t h  d i f f e r e n c e s  a t  t h e  s i t e  o f  a c t i o n ,  m a y  
c o n t r i b u t e  t o  t h e  g r e a t e r  t o x i c i t y  o f  f e n v a l e r a t e  t o  
r a i n b o w  t r o u t  ( s e e  r e f s .  2 ,  4 - 6  a n d  1 2  f o r  c o m -
p a r a t i v e  t o x i c i t y  d a t a ) .  T h e  e x t e n t  a n d  n a t u r e  o f  
f e n v a l e r a t e  m e t a b o l i s m  i n  t r o u t  a r e  m a r k e d l y  d i f -
f e r e n t  f r o m  t h o s e  o b s e r v e d  i n  m a m m a l s  a n d  b i r d s ,  
s p e c i e s  m o d e r a t e l y  t o  h i g h l y  i n s e n s i t i v e  t o  f e n -
v a l e r a t e  [ 2 7  , 2 8 ] .  I n  r a t s  a n d  m i c e ,  8 0 0 7 o  o f  o r a l l y  
a d m i n i s t e r e d  d o s e s  w e r e  e l i m i n a t e d  i n  t h e  e x c r e -
m e n t  a s  v a r i o u s  o x i d a t i v e  ( i n c l u d i n g  4 ' - H O - f e n v a l -
e r a t e )  a n d  h y d r o l y t i c  p r o d u c t s  [ 1 8 , 2 4 ] .  S i m i l a r  
l e v e l s  o f  m e t a b o l i s m  h a v e  b e e n  f o u n d  i n  b o b w h i t e  
q u a i l  a d m i n i s t e r e d  f e n v a l e r a t e  o r a l l y  [ 2 1 ] .  
T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  p e r m i t  a n  e v a l -
u a t i o n  o f  p o t e n t i a l  f a c t o r s  r e s p o n s i b l e  f o r  t h e  
s e n s i t i v i t y  o f  r a i n b o w  t r o u t  t o  f e n v a l e r a t e .  T h e  e v i -
d e n c e  i n d i c a t e s  t h a t  r a p i d  g i l l  u p t a k e  d o e s  n o t  
e x p l a i n  t h e  e x t r e m e  s e n s i t i v i t y  o f  f i s h  t o  f e n v a l e r -
a t e .  E v e n  t h o u g h  g i l l  u p t a k e  o f  f e n v a l e r a t e  i s  i n -
e f f i c i e n t  r e l a t i v e  t o  t h a t  o f  m a n y  o t h e r  x e n o b i o t i c s ,  
d i r e c t  u p t a k e  o f  f e n v a l e r a t e  i n t o  t h e  b l o o d s t r e a m  
i s  a n  i m p o r t a n t  c o n s i d e r a t i o n .  T h e  r o u t e  o f  a d m i n -
i s t r a t i o n  i n  m a m m a l s  d o e s  i n f l u e n c e  l e t h a l i t y ;  f e n -
v a l e r a t e  i s  m o r e  t o x i c  t o  r a t s  a f t e r  a n  i . v .  e x p o s u r e  
( 5 0  t o  1 0 0  m g / k g ;  [ 2 9 ] )  t h a n  a f t e r  a n  o r a l  e x p o s u r e  
( 4 5 0  m g / k g  [ 3 0 ] ) .  S t u d i e s  c o m p l e t e d  w i t h  f a t h e a d  
m i n n o w s  [ 1 ]  a n d  t h o s e  i n  p r o g r e s s  w i t h  r a i n b o w  
t r o u t  i n d i c a t e  t h a t ,  a f t e r  a q u e o u s  e x p o s u r e ,  w h o l e -
b o d y  d o s e s  o f  a b o u t  0 . 2  t o  1 . 5  m g / k g  f e n v a l e r a t e  
a r e  a s s o c i a t e d  w i t h  l e t h a l i t y  a f t e r  1 2  t o  2 4  h  o f  
e x p o s u r e .  I f  i t  w e r e  a s s u m e d  t h a t  g i l l - a b s o r b e d  
d o s e s  a p p r o x i m a t e  i .  v .  d o s e s  ( g i v e n  t h e  d i f f e r e n c e s  
i n  p e a k  b l o o d  c o n c e n t r a t i o n s ) ,  f i s h  s t i l l  a r e  v e r y  
s e n s i t i v e .  
L o w  r a t e s  o f  f e n v a l e r a t e  e l i m i n a t i o n  a n d  m e -
t a b o l i s m  d o  s e e m  t o  b e  c o n t r i b u t i n g  f a c t o r s  i n  t h e  
p i s c i c i d a l  a c t i v i t y  o f  f e n v a l e r a t e ,  p r e s u m a b l y  b y  
f a c i l i t a t i n g  g r e a t e r  c o n c e n t r a t i o n s  o f  t h e  p a r e n t  
m a t e r i a l  a t  t h e  s i t e  o f  a c t i o n .  A  r e d u c e d  r a t e  o f  
p e r m e t h r i n  m e t a b o l i s m  h a s  b e e n  p r o p o s e d  t o  p l a y  
a  r o l e  i n  t h e  t o x i c i t y  o f  p e r m e t h r i n  i n  r a i n b o w  
t r o u t  [ 9 , 1 0 ]  a s  w e l l .  A l t h o u g h  m e t a b o l i s m  m a y  b e  
i n v o l v e d ,  t h e  s e n s i t i v i t y  o f  f i s h  a t  t h e  s i t e  o f  a c t i o n  
a n d  t h e i r  p h y s i o l o g i c a l  r e s p o n s e  t o  i n t o x i c a t i o n  
m a y  a l s o  b e  i m p o r t a n t  c o n t r i b u t i n g  f a c t o r s .  F e n -
v a l e r a t e ,  a  m e m b e r  o f  t h e  T y p e  I I  p y r e t h r o i d  c l a s s ,  
i s  g e n e r a l l y  c o n s i d e r e d  t o  a c t  u p o n  t h e  c e n t r a l  n e r -
v o u s  s y s t e m ,  a l t h o u g h  t h e  a c t u a l  s i t e  a n d  m o d e  o f  
a c t i o n  a r e  u n k n o w n  [  1 1 ] .  I n  a  s t u d y  i n  w h i c h  t r o u t  
( n  =  4 )  w e r e  e x p o s e d  t o  l e t h a l ,  a q u e o u s  c o n c e n t r a -
t i o n s  o f  f e n v a l e r a t e  ( a b o u t  3 0 0  1 - t g / L ) ,  1 0 0 0 7 o  m o r -
t a l i t y  o c c u r r e d  i n  1 0 . 5  ±  1 . 9  h .  B r a i n  f e n v a l e r a t e  
r e s i d u e  l e v e l s  a t  d e a t h  w e r e  0 . 1 6  ±  0 . 0 5  ~-tglg [ 1 ] .  
T h e s e  r e s i d u e s  c o r r e s p o n d  t o  b r a i n  f e n v a l e r a t e  
c o n c e n t r a t i o n s  i n  b o b w h i t e  q u a i l  ( a n  i n s e n s i t i v e  
s p e c i e s )  a s s o c i a t e d  w i t h  2 0  t o  3 0 0 7 o  m o r t a l i t y  a b o u t  
2 4  h  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  5 0 0  t o  1 , 0 0 0  
m g / k g  f e n v a l e r a t e  [ 2 7 ] .  T h e s e  d a t a  i n d i c a t e  t h a t  
t r o u t  m a y  b e  m o r e  s e n s i t i v e  a t  t h e  s i t e  o f  a c t i o n  i n  
t h e  n e r v o u s  s y s t e m  a n d / o r  t h a t  a n  a d d i t i o n a l  n o n -
n e u r a l  s i t e  o f  a c t i o n  e x i s t s  i n  f i s h .  I t  i s  h o p e d  t h a t  
r e s e a r c h  i n  p r o g r e s s  w i l l  h e l p  e l u c i d a t e  t h e  t o x i c  
m o d e  o f  a c t i o n  o f  f e n v a l e r a t e  i n  r a i n b o w  t r o u t .  
A c k n o w l e d g m e n t - T h e  a u t h o r s  t h a n k  t h e  s t a f f  a t  t h e  
E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y - D u l u t h  f o r  p r o v i d -
i n g  t h e  s p a c e  a n d  r e s o u r c e s  n e e d e d  f o r  t h e  e x p o s u r e  
p h a s e  o f  t h i s  s t u d y .  W e  a l s o  t h a n k  P .  S c h m i e d e r  a t  t h e  
E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y - D u l u t h  a n d  L .  T i m -
s o n  a t  I o w a  S t a t e  U n i v e r s i t y  f o r  t h e i r  a s s i s t a n c e .  T h i s  
p r o j e c t  w a s  f u n d e d  i n  p a r t  b y  D H H S / N I H  g r a n t  N o .  2  
S 0 7  R R 7 0 3 4 - 1 8 .  
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